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I . I n t r o d u c t i o n
The seminiferous epithelium of the testis, which is usually in a highly active state, is extremely sensitive to the effects of X-irradiation, and, as discovered early in work on the biological effects of X-rays, sterility soon follows the application of even small doses of X-rays to the testes. By contrast, the adult spermatozoon, the nucleus of which is in a resting condition, is extremely resistant to the effects of X-rays. Thus, Bergonie & Tribondeau (1904) found that human spermatozoa retained their motility after in vitro exposure to a considerable dosage of X-rays. Asdell & Warren (1931) obtained a similar result after vitro exposure of rabbit spermatozoa to up to 18 'erythema doses' of X-rays, and further showed that insemination of a doe with the irradiated spermatozoa led to the production of normal, though small, litters.
However, it is known that X-irradiated spermatozoa may retain both their motility and their fertilizing power, but be unable, owing to latent damage to the chromatin, to initiate normal development of the fertilized ovum. Regaud & Dubreuil (1908) , for instance, early noted that the failure of irradiated male rabbits to father living young was due not merely to failure to produce spermatozoa, but also to non-viability of the embryos resulting from ova fertilized by spermatozoa existing at the time of irradiation or produced immediately afterwards. In experi ments on guinea-pigs, Strandskov (1932) X-irradiated males of an inbred strain and produced a temporary period of sterility. Litters sired by such males were smaller than normal and contained a larger proportion of dead. The author ascribes this result to the induction of dominant lethal mutations. The progeny of the treated males showed no visible mutations or significant disturbance of the sex-ratio. The reduced litter size did not appear in the second and third generations bred from the progeny of the irradiated males.
Parkes (1925) subjected male mice to doses of X-rays insufficient to cause sterility and found considerable deviation from normal in the sex-ratio of young sired by such males. Mating within 4 days of irradiation produced litters with a high proportion of males, while conceptions in the period 5-18 days after irradiation produced litters with a high proportion of females. It is probable that the early litters resulted mainly from fully formed spermatozoa present in the epididymis at the time of irradiation, and the later ones from spermatozoa in course of pro duction at the time of irradiation. Litter size in these experiments was not abnormally small.
Detailed and important studies have been published by Snell and his col laborators. Snell (1935a) found that X-irradiation of mice with 800 r. led rapidly to testicular atrophy, and that the passage of spermatozoa from the testis to the epididymis ceased within a week or two of such irradiation. By contrast, motile spermatozoa were found in the epididymis for 6-7 weeks after irradiation, about the same period as after vasa efferentia ligation, so that the longevity of the mature spermatozoa was little, if at all, affected by the irradiation. Such males remain fertile for 10-14 days after irradiation, but the size of litters sired during this period was much reduced, there being a logarithmic relation between litter size and dosage up to and including 800 r., at which dose litter size averaged 2-6. Embryological study showed that the small size of litter was due to intra-uterine death of embryos usually at or shortly after implantation. Failure of fertilization was not involved. The sex-ratio among the progeny of the irradiated males was normal. The genetic implications of this work were further discussed by Snell (I935^)' who also described various somatic abnormalities arising among the offspring of irradiated males. Similar effects were produced by smaller doses of neutron irradiation (Snell & Aebersold 1937) . The tendency to produce small litters was again shown by a proportion of the Fx males when mated with normal females (Snell 1939) , and was apparently due to an interchange of segments between nonhomologous chromosomes induced by irradiation. An analysis of the chromosome behaviour in three semi-sterile lines of mice produced by the Snell technique was made by Roller & Auerbach (1941) .
Similar experiments on the immediate effects of irradiation were carried out by Brenneke (1937) on rats and mice. She gave doses between 800 and 220 r. and found in confirmation of Snell that the fertilizing capacity of the sperm was not decreased in the 2-week fertile period after irradiation. There was, however, con siderable mortality among the segmenting ova associated with abnormal nuclear changes and also among the uterine embryos. Henson (1942) carried out similar experiments on rats. She found that X-irradiation of male rats with 100 or 500 r. resulted in litters sired within a week being of normal size but of low survival value. Subsequent mating produced normal litters. With a dose of 1000 r. litters sired in the first 3 weeks were much reduced in size and of increasingly low survival value. The decrease in litter size was due to reabsorption during pregnancy. Subsequent matings were sterile. With a dose of 3000 r. the spermatozoa lost their fertilizing and activating power within 2 days of irradiation and no litters were produced. All of these mammalian experiments, with the exception of those in which Snell ligated the efferent ducts, and those of Asdell & Warren, have one serious defect; spermatozoa were irradiated both as mature bodies in the epididymis and during formation in the testis. In the latter part of the initial fertile period spermatozoa in the course of formation at the time of irradiation will be mixed with those irradiated in the mature state.
In Amphibia, in which the spermatozoa can readily be treated vitro and the ova inseminated artificially, early experiments on irradiation produced highly significant results. Hertwig (1911) showed that low dosage of frog spermatozoa with radium irradiation led to gross abnormalities of embryonic development, whereas higher dosage had not this effect. This paradoxical result was explicable on the grounds that the spermatozoa receiving high dosage were able to penetrate the ovum but not able to effect syngamy, so that the development initiated was gynogenetic. Subsequent work has substantiated both phenomenon and explana tion. The recent work of Rugh (1939) is of special interest since the dosage was calibrated by modern methods. This author, using Rana found that exposure of the spermatozoa to doses of X-rays between 15 and 10,000 r. caused a progressive increase in embryonic abnormality and development. At the higher dosage, only 1*6 % of the embryos hatched. Increase of the dosage, however, increased the number of viable embryos, so that 90-5 % hatched when the dosage was 50,000 r. These embryos were morphologically uniform and very similar to the haploids produced by other means, and were undoubtedly gyno genetic.
This most interesting effect of irradiation in destroying the power of the sperm to effect syngamy while leaving its power to penetrate and activate the ovum can be demonstrated beautifully in certain hybrids. Thus Hertwig (1913) found that when the ova of Bufo vulgaris were fertilized with untreated sperm of Rana temporaria development began normally but never proceeded to gastrulation owing to incompatibility of the heterologous chromatin. When the spermatozoa were heavily irradiated, on the other hand, larvae were produced which proved to be gynogenetic Bufo. Rugh & Exner (1940) have recently obtained a similar result with the ova of the leopard frog fertilized by bull-frog spermatozoa.
Comparison of the mammalian and the amphibian work reviewed above makes it clear that low-dosage irradiation of the spermatozoa has the same effect in both orders; the spermatozoa are able to penetrate the ovum and effect syngamy, but damage to the chromatin derived from the male gamete results in abnormalities of embryonic development which cause a greater or lesser amount of embryonic mortality. The effect obtained in Amphibia with high dosage of radium or X-rays> activation of the ovum without syngamy, does not, however, seem to have been obtained in mammals.
Recent developments in the technique of spermatozoa collection and artificial insemination in mammals have obviously opened the way for a great variety of experiments on the treatment of the spermatozoa before fertilization. The present paper records in full the results, already summarized by Amoroso & Parkes (1943) , of attempts to reproduce the Hertwig phenomenon in rabbits.
II. M a t e r i a l a n d t e c h n i q u e Collection and treatment of spermatozoa. Semen was collected into an artificial vagina according to the technique of Macirone & Walton (1938) . The average volume of ejaculate was rather more than 0-5 c.c., and this amount was taken as the unit amount for irradiation and insemination. For each experiment an adequate number of specimens were collected and mixed after removal of any gelatinous material. 0-5 c.c. of the mixed specimen was then pipetted into each of a number of cavity cells, of such size and shape that the semen lay as a thin disk in the bottom, the number of cells corresponding with the number of females to be in seminated. Each cell was closed with a vaselined cellophane top to prevent evaporation. Irradiation was made from above, and glass tops were found to filter the rays to a significant degree. It was noticeable that only with the highest dosages used (50,000 and 100,000 r.) was the motility of the spermatozoa appre ciably reduced by irradiation.
Induction of ovulation: insemination. Ovulation was induced by the intravenous injection of 50 i.u. of chorionic gonadotrophin. In a few instances the rabbits were primed, as described by Parkes (1943) , so that superovulation of up to fifty-five ova was obtained. This practice, however, was thought to be somewhat unsafe for the experiments in question, and was soon abandoned. The cavity cells were kept sealed until immediately before insemination, when 1-5 c.c. of Baker's medium was added to the semen in each to facilitate handling. Insemination was made through a fine rubber tube attached to a glass pipette. The whole of the contents of one cavity cell was given to one rabbit.
Examination of results. The bulk of the observations were made on animals killed about 40 hr. after the estimated time of ovulation, which was reckoned as 11 hr. after injection. At this time normal fertilized ova are in the multi-celled morula stage in the lower third of the tube and can readily be washed out for examination under a low-power microscope by irrigation of the tube from the uterine end. For histological investigation earlier stages were obtained by killing the animals at various short intervals after ovulation. A small number of animals inseminated with semen receiving low dosage of X-rays were killed at various stages of pregnancy or allowed to go to term, to examine the condition of the embryos or foetuses. The gross condition of the ova was assessed by whether or not they had divided, and if so by how many cells they contained. In practice it was possible to count the blastomeres up to about eight. Above that number the ova were simply recorded as multi-celled.
Irradiation. Most of the irradiations were carried out in the Department of Physics, Royal Cancer Hospital, with an air-cooled cautery unit. This set worked at 45 kV., 2 mA., with a h .v .l . = 0-3 mm. Al. It could be arranged to give a very short focal distance and a maximum intensity of dosage to the semen of 3500 r./min. For comparative purposes, the intensity was decreased as low as 17 r./min. in some experiments.
For technical reasons it was impracticable to continue using this unit in definitely, and operations were transferred to the Chester Beattie Institute, Royal Cancer Hospital, in which an oil-cooled Victer Superficial Therapy KX-10 unit was used with an S.P. 140 tube. All experiments carried out with the set were at 140 kV. and 5 mA. No external filter was used; tube filtration was equivalent to 1 m. Al. The focal distance varied from 11 to 20 cm. according to the dose being given. The maximum intensity was similar to that obtainable with the cautery set. It will be seen that irradiation by the two different sets did not produce any evident difference in biological effect.
Histological technique. Ova were fixed at 4 hr. intervals between 3 and 60 hr. after ovulation, to show the various stages of spermatozoa penetration and fer tilization. Some ova were fixed in Fleming's solution without acetic acid, but the majority were preserved in Helly's fluid, containing 5 % acetic acid, for 4-6 hr. and then washed in water. The 5 % acetic acid which the mixture contains helped to give a uniform preservation with sharp nuclear detail, but its solvent action was usually sufficient to remove all traces of the mitochondria, so that the technique in some measure prevented the study of cytoplasmic changes to supplement information based almost wholly on the nuclei.
Since the great majority of the ova were in the pro-nuclear or 2-cell stages, it was of the utmost importance to secure their proper orientation for cutting, so that sections would display the anatomy of the blastomeres and the pronuclei. Accordingly, the following method was employed. After fixation the ova were lightly stained with Delafield's haematoxylin diluted with distilled water to onethird strength. This stain was for temporary purposes only and had no relation to the stains finally used. It was, however, sufficient to cause sharp contrast between nucleus and vitellus and at the same time sharply outlined the cell walls so that the ova could be orientated more readily when being embedded. The ova were next transferred individually to tap water and then gradually dehydrated with changes of alcohol differing by 5 %. When they reached absolute alcohol, one of two methods was employed according to whether the nuclei or the cell outlines had to be utilized for orientating the ova.
Up to the time of the first cleavage division, some degree of orientation could be achieved during embedding by using the outlines of the pronuclei. The ova were embedded in a thin film of 0*5 % celloidin and fixed for support to a thin slice of brain cortex from which a small central panel had been removed. After clearing, the ova were readily located in the celloidin, and the optimum plane for sectioning was determined with a high-power lens. The final orientation was achieved by casting the paraffin block in a paper box, the bottom of which had been marked with two pencilled lines at right angles to each other. After cooling the paraffin block, the paper was removed, leaving, on the paraffin block, a transfer of the pencilled marks, which could then be used to orientate the block to the microtome knife. With the completion of the first cleavage division, when the cell outlines could be used for orientating the ova, Meyer's albumen was often used in place of 0-5 % celloidin as a medium in which to make the preliminary orientation. Other details were identical with those given for the undivided ova.
Two methods were used to remove the albumen coat which surrounds the tubal ovum and which greatly hinders sectioning. Preliminary trials were first made with a very dilute solution of sodium hypochlorite to dissolve the albumen. This technique was difficult and at times not accurate; it was finally discarded. Dis section with fine microneedles after fixation in Helly's fluid containing 5 % acetic acid proved far more satisfactory.
Serial sections 5 pt hick were cut without difficulty and stained with iron haematoxylin or with Weigert's haematoxylin followed by eosin.
Optical methods with visual and ultra-violet light. The study of chromosome morphology in sectioned mammalian ova has hitherto been a matter of some difficulty. Visual methods of microscopy cannot, as a rule, be applied to sections of any considerable thickness. The use of the ultra-violet microscope, however, has enabled us to make photomicrographs at any desired level through the section, and we have been able to observe with precision, and on a considerable scale, many details which could never have been deciphered by visual methods. More over, as regards the absorption of ultra-violet (A = 215fija) by the chromosomes, it seems probable that prophase and metaphase chromosomes behave quite differently from each other. Two principal difficulties had to be overcome before ultra-violet light microphotography could be applied to our material. The first was to present the sections on quartz instead of on glass; the second was inter ference by the presence of stains. Both of these were overcome by employing the stripping method devised by Mr F. V. Welch.
III. G r o s s c o n d i t i o n o f t h e o v a a p p r o x i m a t e l y 40 H R . A F T E R OVULATION
Ova were obtained from fifty-eight rabbits in all at approximately 40 hr. after ovulation. Of these, eight had been inseminated with untreated spermatozoa and served as controls; the remaining fifty had been inseminated with semen receiving from 50 to 100,000 r. 664 ova in all were recovered in this series. A summary of the results is given in table 1, which shows quite clear-cut results. With doses of 250 r. or more there was a rapid decrease in the number of normal morulae which were obtained; with 1000 r. there was only a very small proportion of even super ficially normal morulae. Above this dosage no normal morulae were found. With 250-10,000 r. most of the ova had started to divide but were only in the 3-4-cell stage. With 25,000 r. or above it was rare to find more than 2-cell stages. At each dose level above 250 r., a substantial proportion of the non-segmenting ova were obtained from animals in which all ova were in this condition, and in which, therefore, for some reason, the conditions necessary for fertilization may not have been attained. With 100,000 r., in particular, the reduction of motility by the irradiation may, in some instances, have prevented the spermatozoa reaching the fallopian tube. The data listed in table 1 cover several extremes of experimental conditions which were varied to examine the influence of certain factors, notably intensity of irradiation, time of irradiation before fertilization, and type of rays.
Intensity of irradiation. 1000 r. seemed to be a highly critical dosage and was selected for investigation of the effect of intensity. At this dosage it was possible, on the cautery unit, to compare the effect of the usual intensity of 3500 r./min. with that of 350 r./min. (l/10th), 35 r./min. (l/100th), and 17 r./min. /l(200th). Although only seven rabbits, giving seventy-six ova, are available in this series (table 2) , the results show fairly definitely that there is no clear-cut effect of intensity over the range which it was practicable to investigate. 1  1  24  1  4  3  13  20  83  2  2  67  8  12  5  8  54  81  3  2  56  7  13  12  21  37  66  7  5  101  41*  41  16  16  44  44  10  7  88  23  26  63  72  2  2  2  2  13  4  31  9  69  --2  1  23  7  31  16  70  --5  3  47  15  32  32  68  --4  4  45  2  4  43  96  --5  4  30  12  40  18  60  --8  3  70  62  89  8 f  11 --Type of apparatus. Table 3 summarizes the evidence as to the ef apparatus at three different dose levels-10,000, 50,000 and 100,000 r., there being a total of twenty-one rabbits from which 137 ova were obtained. No marked effect of type of apparatus can be discerned. 
Time, of irradiation before fertilization. The most potentially important variable examined was the time elapsing between irradiation and fertilization. At the time the work was begun we were uncertain if the damage inflicted by irradiation was immediate and of fixed quantity for any particular individual spermatozoon, or whether the damage took time to develop. In the former case, time of irradiation before fertilization would not be important; in the latter, fertilization soon after irradiation might lead to quite different results from fertilization later. The latter was unlikely but could not be dismissed a priori. In practice it has been necessary to take the presumed time of ovulation as indicating.the time of fertilization; 2-3 hr. should be added to get the actual time of fertilization under normal con ditions. With the higher doses of X-rays, there is histological evidence that the fertilization of the ova was delayed, probably because of decreased motility of the spermatozoa.
In each experiment records were kept of the 'time of each of the following inter dependent variables before the presumed time of ovulation: collection of semen, irradiation of semen, and insemination. The range was: Insemination had to be carried out sufficiently long before ovulation for the spermatozoa to arrive in the top of the fallopian tube while the ova were still viable; conversely, the insemination had to be sufficiently close to the time of ovulation to ensure that the spermatozoa were not dead by the time the ova were liberated. In a control animal, not listed in the table, insemination was carried 
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killing a fte r nu m b er ion of rabbit spermatozoa out 20| hr. before ovulation was due, and fertilization did not result. Possible extremes in the time of irradiation before ovulation were dependent on these factors. It may be noted that there does not seem to be any evidence that staleness of the rabbit spermatozoon can lead to penetration and activation of the ovum without syngamy, or to abnormal embryonic development following syngamy. In table 4 are listed several different experiments in which all factors were constant except the time of irradiation before ovulation. A total of twenty-one rabbits from which 168 ova were recovered are involved in these comparisons. Dosage of the spermatozoa was 1000, 10,000, 50,000 or 100,000 r. It will be seen that in only one comparison, that at 10,000 r., is there any sugestion that the time of irradiation before ovulation had any influence on the result. Here the ova of the one rabbit inseminated with spermatozoa irradiated 17 hr. before ovulation showed somewhat less segmentation than those in the three rabbits receiving spermatozoa treated 7-9 hr. before ovulation, but even so they were well within the range of individual variation among the three rabbits. It seems, therefore, certain that under conditions of these experiments there was no major effect of time of irradiation before ovulation.
It may be concluded that effects on the spermatozoa are related almost exclu sively to dosage and that other obvious variables are of little importance.
IV. H i s t o l o g i c a l c o n d i t i o n o f t h e t u b a l o v a
The histological data are based on the study of 156 ova from six groups of rabbits which had been inseminated with semen receiving 1000, 2500, 10,000, 25,000, 50,000 and 100,000 r. respectively. These ova were studied especially for the cytological changes taking place at, or immediately after, fertilization. In addition, forty normally fertilized ova in a variety of developmental stages were used as controls.
Entry of spermatozoa. The entrance of the spermatozoa into the o\um was effected at all dose levels, but the number of spermatozoa in the perivitelline space and zona pellucida was fewer at 100,000 r. than at any other dosage. As in the controls, however, there was a good deal of individual variation in the numbers, even in ova of the same ovulation (figure 5, plate 3 and figure 30, plate 7). For this reason it is doubtful whether one can safely assume that the number of spermatozoa in the perivitelline space is a true reflexion of their activity.
Entry of the spermatozoa commonly takes place within 3 hr. after ovulation following insemination with normal semen; but after irradiation entry may be delayed for 3 hr. or more in those receiving up to 10,000 r. and for as many as 10 hr at the higher dosages. Nevertheless, it would seem very probable that the rate of penetration of irradiated spermatozoa into the vitellus is as rapid as that of normal spermatozoa; otherwise, details would have been seen in the examination of the ova for activation. Examination of unstained sections with the ultra-violet microscope shows' the details of the final penetration of the spermatozoa very clearly (figures 1-3, plate 3) . As in normal fertilization, the head and middle piece enter and the tail is usually left outside; but, undoubtedly, our material shows that the entire spermatozoon may enter the cytoplasm (figure 18, plate 5).
While the spermatozoa are not immediately modified visibly by the treatment, delay in inward migration and vesiculation of the spermatozoan nucleus was observed at all dosages and constituted the earliest indication of any organic change caused by irradiation; cytological evidence of damage to the spermatozoan nucleus appeared at 10,000 r. and over. Typically, the normal pronuclei are single, oval or spherical ( figure 5, plate 3) , whereas after irradiation hypertrophied, lobed and fragmented nuclei (figures 4, 9, plate 3) were usual, the limits of the abnormal forms being reached above 10,000 r. ( figure 17, plate 5) .
Polyspermy. An important effect of the different treatments is the occurrence of a proportion of polyspermic ova. These were recovered at all treatment levels between 1000 and 50,000 r. respectively (figure 10, plate 3 and figure 18, plate 5), but at 25,000 r. the proportion of accessory spermatozoa is higher than at the other levels. Polyspermy was not observed in any of the ova from the control series. In many cases, chiefly between 25,000 and 50,000 r, the supernumerary sper matozoa do not become transformed into pronuclei and are not concerned in the future operation of syngamy (figure 18, plate 5). In a second group, mainly con fined to ova at the 1000 and 10,000 r. dose level, though occasionally found at 25,000 r., the supernumerary spermatozoa do enlarge to form accessory pronuclei and these may participate in the cleavage divisions (figures 3, 10, plate 3). Contrary to the experience of Pincus & Enzmann (1936) with vitro fertilization, there is no evidence that the second polar division was suppressed in any of the polyspermic ova from the irradiated series.
Accessory centrosomes. These have not been observed in all the ova showing polyspermy, but principally in those uncleaved ova where the accessory sperma tozoa have undergone vesiculation. It has not been possible to follow their further role in development, but it is reasonable to assume that if they are sufficiently close to the principal aster they may cause disturbances such as abnormal cleavage spindles ( figure 10, plate 3 ), or that they may participate in an unequal distribu tion of the chromosomes (figure 18, plate 5).
Activation. As evidenced by the production of the second polar body and the inward migration of the ovum chromosomes, activation was effected at all treat ment levels. However, as is evident from figure 1, plate 3, which illustrates an ovum at the 1000 r. dose level, recovered hr. after ovulation, inward migration of the ovum chromosomes does not always promptly follow extrusion of the second polar body. It is also evident that the formation of the second polar body usually followed upon successful entry of the spermatozoa, since in all the un cleaved ova in which two polar bodies were present, spermatozoan chromatin or spermatozoan pronuclei were demonstrable in the vitellus. Furthermore, prac tically all ova with spermatozoan chromatin in their cytoplasm contain two polar bodies; whereas 6va with heavy spermatozoan swarms in the zona or perivitelline space but with no evidence of penetration, contained but one. It may, therefore, be concluded that spermatozoa exposed to X-rays from 1000 to 100,000 r. retain their powers to activate the ovum, but, as with normal spermatozoa, are unable to do so unless penetration is effected.
Activated ova which fail to divide. The percentage of ova that are activated and fail to cleave increased with increasing dosage to the spermatozoa. After insemina tion with spermatozoa receiving 1000 and 2500 r. respectively, all the activiated ova which were recovered 15 hr. or more after ovulation had divided. With the higher dosages, increasing numbers of activated ova, which had failed to segment, were recovered. The percentage of activated but unsegmented ova found in the six groups inseminated with semen receiving between 1000 and 100,000 r. are given in table 5. These data suggest that there may be differences between the percentages of activated ova and the cleavage values of the ova. It must be emphasized, however, that the number of uncleaved ova sectioned is far less than those tabulated in tables 1 and 3; consequently, these figures are less suggestive than appears to be the case. E. C. Amoroso and A. S. Parkes The failure of activated ova to divide must be regarded as a secondary effect of the treatment. This secondary effect may be a qualitatively different response of the activated ovum to the activated spermatozoon, or a consequence of the changes produced in the spermatozoon following irradiation. At the time of activation the ovum nucleus may or may not be in a condition of maximum possible activity. Now if a long time elapses between ovulation and activation the ovum would be in a state of low activity which would result in an imperfect response to activation. On the other hand, deterioration in the spermatozoon might, by sup pressing the proper division mechanism through its action on the central body normally supplied by the spermatozoon, also inhibit the subsequent cleavages (see Tyler 1941). The data given in table 4 do not give support to the idea that the damage caused by X-irradiation is progressive with time.
Syngamy. In normally fertilized ova the fusion of the two sexual nuclei usually occurs very soon after they make contact. After X-irradiation of the spermatozoa, however, the rate of differentiation of the pronuclei as well as their structure varied very considerably. Beginning with 1000 r., it was found that although cytoplasmic atresia as evidenced by enlarged vacuoles in the vitellus (figure 7, plate 3), may accompany the belated fusion of the pronuclei, syngamy was invariably complete with no outward sign of irregularity in the male nucleus (figure 6, plate 3). At 1000 r. the pronuclei, as a rule, make contact 9-11 hr. after ovulation, and the first cleavage is effected 6-8 hr. hereafter. About 15-19 hr. are thus required for the completion of fertilization, in this series, as compared with 12-15 hr. in the control. On the other hand, in ova fertilized with spermatozoa receiving 100,000 r., 2-cell stages were never recovered earlier than 45 hr. after ovulation, so that the completion of fertilization must take no less than 30-35 hr. (figure 35, plate 7), while with doses between 10,000 and 50,000 r. the first cleavage is completed 15-23 hr. after ovulation. It should be noted, however, that although syngamy was not observed in any of the sectioned uncleaved ova, the recovery of 1-and 2-cell stages with diploid chromosomes suggests that the absence of pronuclear fusion may not be constant. Moreover, the recovery 38 hr. after ovulation of two ova, each with two polar bodies and a central set of haploid chromosomes, suggests that completely normal fertilization did not occur in all ova at 100,000 r. (figure 24, plate 6). Since no viable chromatin material was contributed by the spermatozoa (see below), and since spontaneous activation of rabbit ova probably does not occur in vivo (Yamane 1930; Pincus 1930 Pincus , 1939 , we may deduce that rabbit spermatozoa exposed to 100,000 r. can activate the ovum and initiate develop ment without fusion of the pronuclei. Between 10,000 and 50,000 r. syngamy is extremely irregular and the chromo somes may behave in various ways during the period of fusion of the gametic nuclei and of the first embryonal division. The types of development most fre quently encountered were: (1) the ovum nucleus differentiates its chromosomes while the spermatozoan nucleus remains more or less reticular or even becomes achromatic (as in figure 12 , plate 4); (2) accessory pronuclei or numbers of small sub-nuclei arise through polyspermy or from dispersed chromosomes (as in figures 9, 10, plate 3); (3) the chromosomes of the spermatozoan nucleus undergo division to form a diploid set so that a triploid chromosome complement is established in the uncleaved ovum (as in figures 11, 13, plate 4 and figure 17, plate 5); (4) the maternal and paternal chromosomes form more or less independently at separate foci without intimate nuclear fusion and, in the absence of a proper spindle mechanism, they may migrate and split (as in figure 17 , plate 5). It is seen, there fore, that the damage inflicted by X-irradiation is progressive with dosage and at first primarily in the nucleus of the spermatozoon. There can be no doubt that the effects weaken the zygotic combination and account for the failure of many of the ova to continue development.
Spindle fibres. Up to and including irradiation with 10,000 r. the formation of somatic chromosomes usually involved the formation of a spindle (figure 15, plate 4). With higher dosage, the formation of spindle fibres became irregular and was not observed in any of the ova fertilized by spermatozoa receiving 25,000 r. ( figure 16, plate 4 and figure 18, plate 5) ; 50,000 r. ( figure 17, plate 5) , or 100,000 r. ( figure 23, plate 6 ). There is sufficient evidence to indicate that the chromosomes are involved in the formation of the spindle fibres (Packard 1918) , so that their suppression in the majority of these ova was probably the result of the damaging effect of the X-rays on the chromatin of the spermatozoa. On the other hand, the possibility is not excluded that the absence of spindle fibres, in some of the ova at any rate, was the result of atretic changes. Only with dosages between 10,000 and 25,000 r. were ova recovered in which there was a suggestion of multiple spindles ( figure 10, plate 3 and figure 21, plate 6) .
Chromosome numbers. In the rabbit the normal diploid number of chromosomes is 44, so that haploids will have 22, triploids 66 chromosomes. Chromosome counts were possible in twenty-three of the sectioned ova, and the majority were found to have the diploid number. However, counts made at the metaphase of the first cleavage showed the haploid set in two ova activated by spermatozoa receiving 100,000 r. (figure 24, plate 6). Pour exceptional triploids were also recovered; two of these were obtained at 10,000 r. (figures 11, 13, plate 4); one at 25,000 r. (figure 18, plate 5); and the other at 50,000 r. (figure 17, plate 5). Both haploid ova had already formed second polar bodies, and as the spermatozoan chromatin was still identifiable in the cortical cytoplasm we may infer that neither androgenetic nor merogonic development had been initiated. The haploidy must, therefore, in the absence of true parthenogenesis, have been the result of gynogenesis. There is no evidence of continued gynogenetic development following activation by sper matozoa receiving 100,000 r. and the haploid ova probably do not divide. These haploid ova probably fail to divide, either because the central body which remains after second polar body formation fails to re-acquire its capacity for division, or because the slow fertilization rate of the ova favours the intervention of cyto plasmic atresia. If division does occur then regulation from haploidy to diploidy must be assumed since no haploid chromosome numbers were encountered in any of the ova that could be analysed 4 cytologically ' at the second cleavage (figure 26, plate 6). All available evidence indicates that regulation to diploidy is doubtful (Fankhauser 1937) , so that it may be assumed that the haploid ova do not cleave.
It is recognized that polyspermy and somatic doubling of chromosomes may both play a part in producing triploid ova. A study of the sections illustrated as figures 11, 13 and 17, plates 4 and 5, and some adjacent ones shows clearly that triploidy is here attained by the occurrence, in some of the ova, of an extra division of the male chromosomes. We are less certain of the role of polyspermy, though the tri ploid complement in the ovum illustrated on figure 18, plate 5, which was definitely known to be polyspermic, may be attributable to the presence of accessory sper matozoa. It is of interest to recall that while there is not much information concerning the production of polyploids in mammals (Pincus 1939; Pincus & Waddington 1939) , in the rabbit Pincus & Waddington (1939) reported the recovery of a possible triploid ovum after brief exposure of supranormal tem peratures. v Extent of development. The effect of irradiated spermatozoa in interfering with normal cleavage is illustrated on figures 25-27, plate 6 and figures 28-36, plate 7. Although there is a striking variation in developmental rates, it will be seen that the first cleavage usually resulted in 2-cell stages, the blastomeres of which were closely similar to those of normally fertilized ova in the same developmental stage ( figure 25, plate 6 ). The nuclei, however, were extremely irregular. They are central or moderately eccentric (figures 19, 20, plate 5) and are quite frequently lobed or have degenerate chromatin. A fairly constant feature is the presence of a greater irregularity in nuclear size than is found in the controls. This irregularity is not always in the direction of enlargement (figure 27, plate 6); sometimes very small nuclei occur (figure 26, plate 6). At 1000 and 10,000 r. the nuclei are most often single, even in the largest cells; but at 25,000 r. many cells have two nuclei (figure 32, plate 7) and multinucleated blastomeres are commonly to be seen at 50,000 r. (figures 33, 34, plate 7). At 100,000 r. the nuclei are single and enlarged (figure 35, plate 7). It is evident, therefore, that such irradiation of the spermatozoa was sufficient to interfere drastically with nuclear reformation at the first cleavage and there can be no doubt that this was responsible for the early death of the ovum when the dosage exceeded 25,000 r.
Even when a particular treatment (e.g. 1000 r.) does not prevent the spermato zoon initiating, in most ova, early development indistinguishable from that induced by normal spermatozoa, only a small percentage may enter the fourth cleavage. The most advanced normal-looking stages in the material examined histologically were obtained at 1000 r. and consisted of 10-15-cell stages recovered 40 hr. after ovulation (figures 28-31, plate 7). This arrest of development in ova at the fourth cleavage is, indeed, the general rule for ova activated by spermatozoa receiving between 1000 and 10,000 r .; and in such apparent exceptions as have been observed at 1000 r. (where ova have completed the fifth cleavage) the cells have invariably divided irregularly or have fragmented into non-nucleated spheres (figure 26, plate 6). There can be no doubt that the irregular cleavages result from the division of cells with submarginal spindles such as are shown on figure 14, plate 4 and figure 20, plate 5.
Treatments between 25,000 and 100,000 r. gave much poorer results. A feature of the results of treatment with 25,000 r., not observed at the other dosage levels, was the recovery of a high proportion of 3-cell stages (see Gregory 1930) . That some of these may arise from a trispermic fertilization (cf. Herlant 1911) is suggested by the recovery of two 3-cell stages with binucleate blastomeres (figure 22, plate 6) and also by the partial character of the cleavage shown on figure 21, plate 6. Unfortunately, however, all the nuclei of the 3-cell stages are in the interkinetic phase and we are unable to state precisely what proportion, if any, are haploid.
We may conclude, therefore, that prior to the fourth cleavage the ovum is able to resist better the damage inflicted on the irradiated spermatozoon by 1000 r., but at the 8-cell stage the effects of the irradiation, superimposed on the normally expected interferences of a prolonged interkinesis (Gregory 1930) , are sufficient to suppress further development. With increasing exposures (25,000-100,000 r.) the effects on the nucleus are more profound and the lethal end point of development for the majority of ova is advanced to an earlier stage in cleavage. This can be attributed in most cases to disturbances in the distribution of the chromosomes, to the absence of a proper division mechanism and in some cases to attretic changes in the ovum due to delayed activation. E. C. Amoroso and A. S. Parkes V . P r e g n a n c i e s r e s u l t i n g f r o m i n s e m i n a t i o n
The results on segmentation of the ovum, recorded in table 1, suggest that, in the absence of later embryonic mortality, (a) the occurrence of pregnancy would not be affected with doses up to 100 r., ( ) there would be a decreased litter size and probably decreased incidence of pregnancy with 250 and 500 r., (c) pregnancies would be rare when the spermatozoa received 1000 r. and absent above this dosage.
The available data, recorded in table 6, are in accordance with these expectations. Up to and including 100 r. the incidence of pregnancy following insemination was high, and the difference between the number of corpora lutea and the number of embryos or foetuses, on the small number of animals available, was not abnormally great. With doses of 250 and 500 r. the incidence of pregnancy was subnormal, but perhaps not significantly below that of normally segmenting ova in animals killed at the 40 hr. stage. The total number of rabbits (33) left to become pregnant after insemination with spermatozoa receiving 250 or 500 r. gave the results shown in table 7, in which are included comparative data from table 1. The low incidence of pregnancy in rabbits inseminated with spermatozoa receiving 500 r. was mainly accounted for by the fact that only four of the nine animals left to term produced litters. Of the five failures, three occurred in one experiment, in which six rabbits were treated as shown in table 8. This one experiment certainly suggested abnormal loss of embryos during pregnancy when the spermatozoa received 500 r. Such a conclusion, however, is only partly confirmed by the animals autopsied during pregnancy, or by the other animals allowed to go to term. It appears, therefore, that the incidence of pregnancy and litter size relative to the number of corpora lutea is below that which would be expected from the incidence and number of ova apparently segmenting normally, but that the present rather small series of experiments is inadequate to establish conclusively that there is abnormal loss after the segmentation stages in pregnancies resulting from insemination with irradiated semen, or to give any indication of the reasons for the abnormal em bryonic mortality if it occurs. In the first series of experiments three rabbits were allowed to go to 28 days of pregnancy after insemination with spermatozoa receiving 50, 100 and 250 r. respectively. All the foetuses, totalling eleven, were alive, vigorous and superficially normal. Another experiment in which the spermatozoa received 250 or 500 r. was therefore put on with the express intention of producing young from spermatozoa receiving maximal doses compatible with fertility. Out of five rabbits inseminated with spermatozoa receiving 250 r., three produced litters at 31, 31 and 33 days respectively. The last of these litters, though superficially normal, died in 24 hr. The other two litters, comprising six young, were reared and were apparently quite normal. All six lived for at least a year. There were three males and three females. The three males mated with normal or similarly derived females all produced apparently normal embryos or young. Two of the three females failed to produce young in spite of repeated matings with normal males. The third pro duced litters with both normal and experimental males. These F2 young were poor, but not obviously abnormal.
Of the nine rabbits left to term after being inseminated with spermatozoa receiving 500 r., only four produced living young. Of the six young thus obtained, four died within 3 months. There can be little doubt, therefore, that in spite of their being superficially normal, young derived from spermatozoa receiving 500 r. are affected in some way as to make them less viable than those derived from spermatozoa receiving 250 r. The mechanism of this effect is not clear. Both of the young reared were females. The first of these produced a litter of two when mated with a normal male, and a litter of five when mated with an Fx male derived from spermatozoa receiving 250 r. The first of these litters contained two females which were both fertile with experimental males. The other litter was also appar ently normal. The second of the Fx females contained when killed after injection and insemination from a normal male. R e f e r e n c e s Am oroso, E . C. & P ark es, A. S. 1943 N ature, 152, 244. Asdell, S. A. & W arren, S. L. 1931 A m er. J . Roentgenol. 25, 81. Bergonie, J . & T ribondeau, L. 1904 C .R. Soc. Biol., P aris, 57, 595. B renneke, H . 1937 . F a n k h a u se r, G. 1937 J . Hered. 28, 3. G regory, P . W . 1930 Contr. Em bryol. Carneg. In st. 21, 141. H enson, M. 1942 . H e rla n t, M. 1911 A rch. B iol., P aris, 26, 103. H ertw ig , G. 1913 A rch. m ikr. A n a t. 81, 87. H ertw ig , O. 1911 A rch. m ikr. A n a t. 77, 97. R o ller, P . C. & A uerbach, C. A. 1941 N ature, 148, 501. M acirone, C. & W alto n , A. 1938 J . A gric. Sci. 28, 122. P a c k a rd , C. 1918 B iol. B u ll. Woods Hole, 35, 50. P ark es, A. S. 1925 . P a rk e s, A. S. 1943 J . Endocrinol. 3, 268. P incus, G. 1930 Proc. R oy. Soc. B, 107, 132. P incus, G. 1939 . P incus, G. & E n zm an n , E . V. 1936 E x p . Zool., 73, 195. P incus, G. & W ad d in g to n , C. H . 1939 J . Hered. 2 0, 314. R eg au d , C. & D ubreuil, G. 1908 C .R . Soc. B iol., P aris, 64, 1014 . R u g h , R . 1939 Proc. A m er. P h il. Soc. 81, 447. R u g h , R . & E x n er, F . 1940 Proc. A m er. P h il. Soc. 83, 607. Snell, G. D. 1935a J . E x p . Zool. 65, 421. Snell, G. D . 19356 Genetics, 20, 545. Snell, G. D . 1939 Proc. N a t. Acad. S ci., W ash., 25, 11. Snell, G. D. & A ebersold, P . C. 1937 Proc. N a t. A cad. Sci., W ash., 23, 374. S tran d sk o v , H . H . 1932 J . E x p . Zool. 63, 175. T yler, A. 1941 B iol. Rev. 16, 291. Y am ane, J . 1930 -7 T he dosage of X -ray s to w hich th e sp erm atozoa were exposed is given first in th e description of each figure. N one of th e photom icro g rap h s is retouched.
P la te 3 P h o to m icro g rap h s ta k e n w ith u ltra -v io le t light, except figure 3 a, w hich is w ith visual light. W here pronuclei are show n th e fem ale pronucleus is upperm ost unless otherw ise indicated.
F ig u r e 1. 1000 r. Two views of a n ovum fixed hr. after ovulation. F igure l a shows th e second p o lar body, telophase chrom osom es of second m eiotic division a n d un altered sperm ato zo an h ead in cortical cyto p lasm ( x 510). N ote sperm atozoon in perivitelline space. F ig u re 1 6. T he chrom osom es are ty p ical m onads an d have n o t y e t m ig rated centrally ( x 3300).
F ig u r e 2. 10,000 r. A n ovum fixed 5 h r. a fte r ovulation, show ing first an d second polar bodies a n d sp erm ato zo an h ead w ith condensed ch ro m atin lying in th e m itochondria rich zone of th e cyto p lasm ( x 510).
F ig u r e 3. 1000 r. Selected views of an ovum fixed 3^ h r. after ovulation. F igure 3 a shows general view of th e sta in e d section ta k e n w ith visual light before tran sfer to q u artz ( x 450). T he arrow s b a n d e, c a n d d p o in t respectively to th e principal regions show n in detail in figure 3 b, c a n d d ( x 3300). Two sp erm atozoa (b an d c) h ave en tered th e cytoplasm an d hav m ig rated inw ards. F ig u re 36. E n larg ed prin cip al sperm atozoan h ead (6) an d th e sp er m ato zo a n centrosom e (e). F ig u re 3 c. T he accessory sperm atozoan head, sm aller th a n th e principal. F ig u re 3d. T he chrom osom es of th e ovum pronucleus n o t y e t form ed into a nucleus. T he chrom osom es are ty p ic a l m onads an d h av e m ig rated a sh o rt distance. N ote spindle fibres.
F ig u r e 4. 10,000 r. A n ovum fixed 10 hr. a fte r o vulation. N ote greatly enlarged vesicular m ale pronucleus a n d tw o subnuclei. Male a n d fem ale pronuclei n o t y e t fused ( x 510).
F ig u r e 5. G eneral view of a n ovum from control series fixed 11 h r. after ovulation. T he tw o vesicular pronuclei are form ed a n d in co n tact. N o te m a n y sperm atozoa in perivitelline space ( x 510).
F ig u r e 6. 1000 r. D etails of cen tral fusing pronuclei in a n ovum fixed 11 hr. after ovulation. N o te th e sim ilarity betw een these pronuclei a n d th ose of th e control ( x 1100).
F ig u r e 7. 1000 r. D etails of c en tral fusing pronuclei in an ovum from th e sam e series as figure 6, show ing enlarged vacuole. T his is th e ty p e described as show ing cytoplasm ic atresia ( x 1100). F ig u r e 8. 50,000 r. D etails of cen tral fusing pronuclei in an ovum fixed 15J h r. after ov u la tio n . N o te th e irre g u la rity of th e m ale pronucleus w ith th e fem ale nucleus pressing into it ( x 1100).
F ig u r e 9. 10,000 r. D etails of cen tral fusing pronuclei in an ovum fixed 12J hr. after ovula tio n . N o te th e enlarged m ale pronucleus a n d sm all subnucleus ( x 1100).
F ig u r e 10. 10,000 r. P o rtio n of an ovum fixed 10 h r. after ovulation, show ing tw o m ale pronuclei (d) a n d one fem ale pronucleus (?) fusing. N ote th e g reatly enlarged principal m ale pronucleus ( x 780).
P la te 4 P ho to m icro g rap h s, figures 11a, c, 13a, 14a a n d 16a, w ith visual light. Figures 116, 12 , 146 to 15c a n d 166-d, w ith u ltra -v io le t lig h t. W here pronuclei are show n th e fem ale pronucleus is u p p erm o st unless otherw ise in d icated .
F ig u r e 11. 10,000 r. T hree views of an ovum fixed 12f h r. after ovulation. F igure 11a show s general view of th e stain ed section ta k e n w ith visual light before tran sfer to q u artz ( x 450). F ig u re 116. U ltra -v io le t p h o to g ra p h of th e section (also x 450). N ote th e thickened zona an d th e failure of th e p ro p h ase chrom osom es to absorb th e u ltra-v io let light. F igure 11c shows d etails of prop h ase chrom osom es as seen w ith visual light. A stu d y of th is a n d some a d ja c e n t sections shows th a t th e m ale pronucleus chrom osom es h ave undergone division to form a diploid set ( x 1100).
F ig u r e 12. 10,000 r. P o rtio n of a n ovum fixed 1 2 | h r. after ovulation show ing details of fusing pronuclei. N o te th a t th e chrom osom es of th e ovum pronucleus are d ifferentiated while th e nucleus of th e sp erm atozoon rem ain s re tic u la r ( x 2200).
F ig u r e 13. 10,000 r. Two consecutive sections of p o rtio n of an ovum from th e sam e series as th a t from w hich figure 12 is ta k e n . N o te th e in d ep en d en t fo rm atio n of th e chrom osom es in th e m ale a n d fem ale pronuclei. T he chrom osom es of th e sperm atozoon h ave undergone d iv i sion to form a diploid set ( x 1100).
F igure 14. 25,000 r. Two view s of p a r t of a 7-cell ovum fixed 38J hr. after ovulation. F igure 14a shows general view of th e section ta k e n w ith visual light. N ote d isp arity in cell size a n d m arg in al chrom osom es ( x 500). F igure 146. D etails of th e chrom osom es in th e larger of th e tw o blastom eres. N o te th e tw o groups of clum ped chrom osom es, absence of spindle fibres a n d th e beginning of chrom osom e sc a tte r ( x 3300). P la te 5 P h o to m icro g rap h s ta k e n w ith u ltra -v io le t lig h t ex cep t figures 17a an d 20a, w hich are w ith visual light.
F ig u r e 17. 50,000 r. A n ovum fixed 15£ hr. a fte r ovulation. F igure 17a. G eneral view of th e section w ith visual lig h t show ing th e tw o pronuclei w idely sep arated ( x 500). F igures 17 6, c. D etails of pronuclei. N o te t h a t som e of th e chrom osom es of th e m ale pronucleus have begun to w ander aw ay from th e m ain m ass a n d th a t som e h av e begun to sp lit ( x 3300).
F igure 18. 25,000 r. P o rtio n of a 7-cell ov u m fixed 62f hr. a fte r ovulation. F igure 18a. G eneral view of p o rtio n of ovum ta k e n w ith u ltra -v io let lig h t a fte r tran sfer to q u artz. N ote several sperm ato zo a in th e cy to p lasm a n d th e absence of th e zona w hich has been lost d u ring tran sfe r ( x 450). F igures 186-d. S h o rt sequence show ing details of chrom osom es. N o te com plete sperm atozoon, a n d absence of spindle fibres. T here is a considerable degree of sc a tte r an d som e of th e chrom osom es h av e divided ( x 3300). of chrom osom es in one of th e blastom eres. N ote th e ty p ical som atic chrom osom es in lower p a rt of th e figure a n d th e 'fu z z y ' ch ro m atin in th e u p p er p a rt. Some o f th e chrom osom es are split ( x 3300).
P la te 6 P h o tom icro g rap h s ta k e n w ith u ltra -v io le t light, except figures 23 a, 6, 24 a, b an d 26 which are w ith visual light. F ig u r e 22. 25,000 r. O vum from th e sam e series as th a t from w hich figure 21 is tak en . The first cleavage h as re su lte d in th re e binucleate blastom eres. Arrow s p o in t to th e tw o nuclei in one of th e cells ( x 450).
F ig u r e 23. 100,000 r. Tw o consecutive sections th ro u g h a 1-cell diploid ovum fixed 38J hr. a fte r ovulatio n . F ig u re 23 a, b .General views of th e tw o sections ta k e ( x 450). F ig u re 23 c, d. D etails of chrom osom es. N ote absence of spindle fibres. Some of these chrom osom es ap p e a r to h ave divided ( x 3300).
F ig u r e 24. 100,000 r. A hap lo id ovum from th e sam e series as th a t from w hich figure 23 is ta k e n ( x 500). F ig u re 24a shows cen tral haploid set of chrom osom es. This ovum h ad form ed tw o p o la r bodies. F ig u re 246. D etails of chrom osom es ( x 2200).
F ig u r e 25. G eneral view of a 2-cell ovum from control series fixed 13 hr. after ovulation. N o te th a t th e first cleavage chrom osom es h av e n o t reform ed in to a nucleus ( x 225).
F ig u r e 26. 1000 r. A 2-cell ovum fixed 40 hr. a fter ovulation. N ote sm all central nucleus. T his ovum m a y possibly be haploid. S perm atozoa in zona a n d peri vitelline space ( x 450).
F ig u r e 27. 1000 r. A 2-cell ovum fixed 4 3 f h r. a fte r ovulation. N ote g reatly enlarged nucleus in one blasto m ere ( x 450). P la te 7 P ho to m icro g rap h s ta k e n w ith visual lig h t, except figure 20, w hich is w ith u ltra-v io let light.
F ig u r e 28. 1000 r. P o rtio n of a n ovum fixed 35 h r. a fte r ovulation. This ovum is in th e 8-cell stage. N o te b in u cleate b lastom eres a n d condensed subm arginal m etap h ase p late in one of th e cells ( x 500).
F ig u r e 29. 1000 r. P o rtio n of a n ovum fixed 4 1 f h r. a fte r ovulation. This ovum is in th e 10-cell stag e. N o te b inu cleate blastom eres w ith nuclei w hich are p ercep tib ly larger th a n those o f figure 28 ( x 500).
F ig u r e 30. 1000 r. P o rtio n of a n 8-cell ovum ta k e n w ith u ltra-v io let light. O vum fixed 40 hr. a fte r ov u latio n . T h e nuclei are enlarged a n d som e are fragm enting. N o te sperm atozoa in peri vitelline space ( x 450).
F ig u r e 31. 1000 r. P o rtio n of an ovum from th e sam e series of ova as th a t of figure 30. N ote single large c en tral nucleus in one blastom ere. Z ona n o t show n ( x 500).
F ig u r e 32. 25,000 r. A 2-cell ovum fixed 38^ h r, a fte r ovulation. N o te reticu lar appearance o f cy to p lasm a n d th e enlarged vacuole in one of th e cells. T he blastom eres are binucleate ( x 500). F ig u r e 33. 50,000 r. A 2-cell ovum fixed 1 7 | hr. a fter ovulation. F ig u re 33a. This ovum has cleaved to schedule, b u t th e sc a tte re d chrom osom es h ave form ed a n um ber of sm all su b nuclei ( x 450). F ig u re 336. D etails of subnuclei in one of th e blastom eres ( x 1200).
F ig u r e 34. 50,000 r. A 2-cell ovum from sam e set as th a t of figure 33. N o te single nucleus in one of th e b lastom eres a n d several subnuclei in th e oth er ( x 450).
F ig u r e 35. 100,000 r. A 2-cell ovum fixed 46 hr. a fte r ovulation. N o te th e single large cen tral nucleus in each o f th e blastom eres, a n d th e d istin c t nuclear m em brane ( x 450).
